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UNO J**f* I I I -V«fb^«*3»««4:«E 

W&^m tx* 1 4(cj:t)jAftfiWl 3**IIBL 
fci&Kfcffl^T, xe#*fir*«fticj:t) I I I — V 

(b) , TX^l 4*a3ST77-feyh«BB*«t« 
(c) „ S&lC, 77t'> MGfi«%£ttHfti&tr 
(d) o S^c¥ffi&«®£*f S I I 1 -V«fb& 
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immuoma 

mm 1 1 in - vmt-%mm&>3.\>**i/* 

mm&tm%.mm>mm>w%z 1 1 1 - v* 
1 1 -v«fb6«¥sw*«77-b-y meajwaata*' 

RSrf SttSffittQ I I I-VS£{fc3%¥ 
tZWctZ I I I -V&{fc£fe¥£tt<D/£«£f£ 0 

ROTsi&siitta i i l-vmfk&h* 

1 1 1 -vMt-&m*mwmwm\ 

1 1 1 -vnt^ 

mmz «k ^/t* ftfcja»«««Bj£r s c t 
t-rsii^fl i x« 2tB®o 1 1 i - vm<t-sm¥m& 

*<xh^7m mm. x&=ft»#T*£s 
ct^^fc-rsw^ai, 2x«3e«©i i i-v 

T, WE77-fey Mft&DffBtf {1 — 10 1} ffiT'fc 

&ctzmktrzmo*4Kmoi i i-vm^&i 

Xs Xh5l'7?3|plA < <l l-2 0>£ffi|3:fctt<l- 

i i-v«ft;^i¥»i*:ofigS75i& 
OH** 7] MGSKtt. Mg A 1 2 0< Si 
BIS, ZnOSI, S i CSS, LiGaOa W&, 
A 1 z Oa WSXD^-fW 1 Ofr&«RSft, MIS 1 
I I - Vmt&fatmmt. G a Nil, InGaNl, 
AlGaNH, InNMs G a PH, GaAsHOW 

i o*6»wrn*e: tzmttzmxm 1 x» 
2x«3Xtt4B«<oi 1 1 -vmt^mmm>^M 

Bi*«8] IQGl 1 I-Vjtft£8#*H**«GaN3S 



GaN, fcJ;tfA 1 GaN©?V>&< i:t>20©$m 

* n-uvs c a««Ri:-r 1 xa 2 x 
«3x»4iE«©i 1 i-v^e*mwtaodaw 

r-yr-tyhmm^m^LrsmmLrci 1 i-vm 

IB I I I-Vi^^«Ml s «*O*«KJ:t)l0l37r-by 
hW^Sft&SftTJBfifcSftfc 1 1 I -VMkSVa* 

iH 

mmi 0] 1 1 1 -vs?{b^^@*tts?s^ 

®T*77-bvh®mBf$.Lf<i;mm&LTcl I I-V 

t tcMfB^X* tfletftfll\ fflR I 
I I-V»k-S«mW*OjSSlcj:»)"iWE77-feyb«l 

3i««i«>iisnT«*snfe 1 1 1 -vfflksmtpm 
f:*#r*i 1 i-vftfk^ftiNMtti-pa&or, mib 
1 1 1 -m{t^m»®frt>'p%< tt>mm&. 

%> 1 1 i-vM:s»#iem 
omsai 1] mmmm^ meosamcfRsr 

% I I I-V^&«tf^fcHU*iSft\ J&SVHite 
30 ?^j»MMiotKiattrii I i-VM: 
SWNWfcWB«Stu MIB I I I-V«fkfc»¥»(* 

*^fr«w#«9a5-5^ttw*ai oi3«<oi 1 1 
mm 1 2] g a nmmtttimwmm& 

t)«ft««*»#r*xai:, SflfMfifflWcGaNS 
i|*a«tey7T-feyh«Bfift»*r*J:3»i:j«««*» 85 

«¥«<trr*ia*#r*c t^^fc-r^G a n?&¥ 

cw«« 1 3] 1 2 Kia«*nfcG a m*®w 
m<Dmi£<m. wibg a N«*»«a»»6*a < t fetd 

[ss*a 1 4] g a N&*mtotm-im>pwmm&®t. 

so «j«*nftGaN3Ri|5»««ffiK:ia«««*««r*/< 
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T£j£ftfW&cDG a NjmW*^Jd«i:i:fcKt<IEvx 
*W#*Sfc\ S 6KWEG a NJMNBftQ/ftftlc,}: D 
WfB77-fe-y MdJajWUftjiSnTJB^nfcG a NK 

C k*#$kT3 G a N£#*W§io 
Dftftg 1 5 ] mim 1 4fB*DfifEG a N£¥gf*K 

c tzsmttz G a Nlfim 
Dftggi 6] tt&gi 2&£^fiM$£i 3tcfBK<D 
G a N3MN^©J&S©&te, bWHG a N&¥ji#ii 

±tcc a nmmm^ommmm-zxm^ 

So 

1 7 ] M$g 1 2 (cEKcDG a N^^«S(0 
»«©»K, fffiGaN*¥SW*^KGaN*#^ 

DftftSl 8] «HEG a N3R¥t»fl*?8* J^l/^ 

n*Bfi«ttrG a NX&mirsamfr-e** c t&m 

fr*BI*Sl 6, &£V>tiBt$3l 7tB«<DGaN& 
Dt$£ 1 9] MfBG a N£fgft?g?#G a N$¥Stt 

u-irc** c tttmnt-rzmxm i siskog a n 

G a N£¥#ftli±fc G a N$¥«tt*^WItt&tf 

jwtsn-n** c tzvmttz g a MHWOi 

& 

Qt$g2 1] Kftfll 4ft«VHnHtfll 5fe«<DG 
a N£¥##»±tc G a N&¥«9ftS&?©8|jf«&tf^ 
$2*1, iftfBG a N3W««tt«fr&'>*< k&MfBS 

[W#JS2 2] mFlBG a NJfc¥*f**Ftt, 

kf £Iit:£JS2 0fcSV>ttW*«2 1 IBSEcOG a N*¥ 

DISS 2 3] SOtSG a N£3?ftfil?tfG a N^^Si* 
W-lfT'&SCkfc^ktSiiW^ 2fB®DG aN 

[W#S2 4] M*0|i 2&&t,>tiM$q(l 3fB«OG 
a NS330ftt(QJBjftOfttc, MEG a N£¥S?«gx 

kg a N?i^w**?3t»)»r*ijS**rr*{: t*» 

[«#*2 5] M$g 1 2CISKOG a N£¥««iO 
*J8©*C, bOIBG a N3R¥SSmhlcG a N£¥&tt 



C kfc^kt* G a N»¥«HMR7QaBi^ 
[W#S2 6] WfBG a N£¥Wfitm ^/Vnt 
a«BB*dtf G a NSMWf«8)aR?T**C k*#$ 
fcf*»t#*2 4»*l^ttSI#I2 5IBKOG a N£¥ 

Dft$£2 7] IflffiG a N&fgftiSi^tf G a N3S*«W* 

p—*f t*&3 c t zmkttzvtias z e ib«<d g a n 

io Dftgg 2 8 ] Mlim l 4 &S v>f*R$8 1 5 fcfBfc© 
tulBG a mmimtlCG a N3MNWl*yjWB*S 
ftTV^S C t&mttZ G a NSWfttf. 
Dfcgg 2 9 ] 1 4 CCKOMIBG a N£¥?9ft 

H±tC G a N JM9Wt**3WBtf **u MRG a N£¥ 

Qft#B3 0] HtflBG a N3R*5W**?tt, 97iWr 
umm-S&G a N5R*«H*3©iaR?T»** C k««R 

ttzmxm 8&zi,Htm$m2 9%?m<dg a 

20 *^? 0 

GMt93 1 ] bWBG a N^^«^A<G a N^¥j@» 
«f^*5C k*^kt-4li^S3 0fB«<DG a N 

[000 1] 

30 Tti^nSI I I-VWkAWIMWMlJCMI-*. »K. 
*Sf B ^^>^^¥«tt:Ji0^fi)cA^||^G a NIS¥» 

[0 0 0 2] *51CG a N3MWW**?Rtf*<WffieDS 
fttcMb, ISft^BBO^ftt^G a N^»K±(C^fig^ 

nfcG a N?Mi^«*^stf * ©iBft&aKirr*. 

[0003] 

VB&w>Bm I I i-vMk^ti^i*T% mtfS 
itffV ">A (GaN) (4, SSime^S. 4eVt*t 

40 LTJtBSnTVSo 

[0004] cotm«fflt^ft»}ifiT'V^*frarr* 

G a NO* 5 S^OMiJE^ilS 

Tr'Vrx*ffflW-*«*a:, «K.I«-7^7 (A 1 
z 0 3 ) Sfift£0J:9&fe?£ft. «?i^ia«:k 

50 nrtfco 
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[000 5] 

i»/s--x *7 yyuY-jjv 

-;*X8i3 2# (199 3)^1528-1 5 3 3HJ 
OpnJ. Appl.Phys.Vol 32(1993) pp. 1528-153 

3) o co&skmsm*. T'WxtLxommbm 

[0 0 0 6] SfcftT^f&JROxtr^^+^lSSK 
H^ffSfci&fcx m}0M&&&? 1 (imCSiOz 

C 8-64 7 9 1 *§4i«fcEtt£ftT 

LfrL#IW¥ 8-64 7 9 1 €^<D097« S i 

[0007] jgmvmit, ®?im&mPM®.i* 

M&S^TP^£ffl^Txe**->+;l/j&5£froT 
tf^fr < , £ fcflfc Wfcjftft L/C t> * 5 *y * A D < 

[0 0 0 8] *6fc«S»0fl&©gW«i, 

'>&V^G a Nl^ffiW^ C £fCfcS 0 
[0 0 0 9] JJExtr^r+S/ 
t/HSCJ:{))B*SnftG a NIMNW*J:ICG a N 

G a NfciNH**? (mfcfG a N&¥^#fgfti?l?) 
[00 10] 

BWlfclBSW-* £«>*£] *39»OI I 

v®¥®fo<Df&sfimii., 1 1 1 -vmt&wmtox- 

nfc^x^*r^£«j:DjSfi^i£)Bfi£-r«zst, idle 

1 1 -vMb«WNw*«ja«-r*iai:, m$E&m 
mvm&i i i-vwb'6i*j¥»**7r-byh«Ba* 
iHti&tf&jttKr*, imtusanmoi i i-v 

[0011] *1t*Smo I I I - VflHfc&WWH*© 



WIS»«i:*&?S^»S^*m5 1 1 i-vm 

I I-vm^l4 i S5^7 7-b<y h^il^fiEb^ 
BJSft**, G$8TSf£gffi«<D I I I-V«ffc#to¥ 
^fcfcfcfciWBvx»*m*B&\ «5fcilMB77-fe 

a<t«nfe«iifciKWB»xB*iio«rc 

10 3„ 

[0012] *5ic*58wo 1 1 1 -vrntsmmt 
^m^mmsm.nwt^&si^tz 1 1 i-vmt 

20 [0013] *mi<o 1 1 1 -vmit£Mi¥mmit. 
1 1 1 - vmt^mmwtm-mi^m^mm 

mmm^Liimm&Lrci i i-vrntsmmft 
mmtzmmmv 1 1 1 -vmitwm&mtk 

tfcfefcm»3vx^*m*sv\ ffi)G I I I-Vftfb* 
tl^*0fi!c«fc t k9mifB77-fe-y US§igj!»&£4T. 

■aaasftfci i i-vMfom*mm&**sct 

[0 0 1 4] Sfc, B3IBvX^TO^mKD»ffiSatc 

*rrsi i i-vM:^«m«*!b^ia*nT^*ck 

[0 0 15] *f§B^©G a NJMiyJWttBOfcjft&fttt, 

g a iimmfotm-^&mmmtfwzzwm 

**V^tt«HEWE±K«««nfcG a N 

$-fSIgfc, MB$«S$fCGaN?M^#tf77-fe 
<yHKfi«gliW*J:3Kjaft«*, M*r«JftftBM 
OG a N£¥i9f*fc fc fcKMEvX*88*»r\ t % 

S^WT^Ct^mSt-rSo 3=fc:GaN&¥l3ttffli© 
»l«oa, WfBG a N3R*««*«A»6 / >*< tfefJIBS 

[0 0 16] *SS*0G a N?S^«fiffl®«it<0»fi!i7S 
50 JStt, G a N^^^cDJgfigCDmK, MIBG a N^* 
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*c tmmt-rzo ztcimzg a n£¥*p# 
< 1 1 tot em vx **m*K*f «ia 
tirr*ci:*w«i:-r*. 

[0 0 17] *5MBOG a N£^f*fg?<DSfit?3S; 
tt, GaNSMWWW^aofcfc* ilffiGaN&iN? 

f*n±tcG a N?R#w«*?*»«rsia**rr*c 

MEG a N£¥#f*H±lCG a N^^{*S?*}g 
/£? Slgi:, MGG a NJMNW*«*'6'>*< ktW 

tern vxtimm&rzimtitir9-sttim 

KMfiEG a N3S»J«R5WG a N&¥*f*U-1fT*fcS 
[0 0 18] *$8B0G a N£¥gft§i«, G a 

6>fiEgl/feG a N?MI^*Wf *J(Sgffiig©G a 

fct&IEG a NS^WtOjaSKiOiOE^r-fe-y Mffii 
WWWi«nT^*J:i:*W»tr*. S/fclOBBGaN 

[0 0 19] *I6TO(DG a NS¥WttMIIIGe^ h3kE 

cog a N&¥«w*BU:fc g a N&¥mim?(ommmm 

[0 0 2 0] *f^OG a NS¥*tt£?tt, GaNf 
iWWULhfcG a NJMHWWSPWft^ftT^Stfc 
fcttttef*. SfcttEG a NJRiNWaLhKG a 
^^WJgfiit^n, fMBG a N3K¥4WMA>&^ft 

[002 1]* P>tcMfBG a N3R*«M**¥tt, *77b 
^n«i«rtrG a N3R*SW*«)iai6?T»** C k* 
fflBG a NWWG a N&^ttU' 
-ifT-feSck^iRfStk-rs. 

[0022] 

[0023] cmi <o$m<mm) *mmm \ <vm& 
[0024] w»k, mfattmtimmmcu =tn 

l^l£» J f«»3MS««HHfettR*#r* I I I - VSs 



2dHKJblcAftU ^©«±(C7* 

m.mmm*mtzvx? 1 4mm vx 

^OT^tftiXb^^kU COtr^X? 1 4<Djf£ 
1 0 n m*>6 2 ft mgjgT?& 9 > 1 3 

1 4©X r -7'f'7*g«, jiff 0. 1 /tm^?. 1 0 
fimSgtLfco (01 (a) ) o 

[0025] joe, mmmicm. 1 1 1 -vmt&va 

*mtm<Dx.VZ*i/*frfR&*ft : ja VX71 4 Of* 

H#X, gfS#X, Sfctt % 7j<?iikgffrDig£#Xi;V 
«BW#X*0a&L4tf63$fi 1 1 fcfiffSSOJSfifiSg 
T-#ST* 0 ffl**<S8£l/Tfr& I I 
T, AftWUl 3K I I I -VM:£*¥«K*1 5&fi8 

««-*. tsASft^tt. »tt<«i i i%m»(c« 

{l**fflU^4*fMWlMSaKJ:*»ffl)aft (VPE :Va 
por Phase Epitaxy ) X^7oi)\ I I I ffieM^tC^T 

mmm^^mmit^mim.m (mocvd : 

Metal Organic Vapor Phase Epitaxy) ^ffi^Tfe 

20 

[0026] ii i-vift^tfifti 5«, mm 
pgT-avx^ 1 4±ei*wh\ j&esb&i 3©»tss 

9. ^c^i«±coi i i-vM:£»¥# 

(*1 5iai77"b<yh«jS*^*n5o C©k£OI 
I I-vaKt^NW*i 50»*S*tttt7r-b-yh* 
jgtfj&££*l-5<i:5 6 5 Otfr?) 1 1 0 OtOlSgiS 

1 1 im^om^mcMLmm^zooooo 
(b) ) , 

30 [0 0 2 7] *%K3-\Z9*l'*fi'fm?kffli)Z£, I 
I I -v&ffciWNWM 5tt7r*yH«BOiiiK:» 

VX7 1 4^?I3i9lC^§ 0 ^LTUW-r^aSIRW 

<oi i i-vMb^i¥#f*i 5©7yfey H«ak» 
fttTS (01 (c) ) o 
[0 0 2 8] S&teXV^^+JUdMMtaEttJ&fc, 7 
r-fey b«B!»<«»asn (01 (d) ) , ft^Wlc 

tts ¥ffl*aae*#r* 1 1 1 -wmtfsmmmi 

5*MC£1ftV*& (01 (e) ) . 
40 [ 0 0 2 9 ] SHR, «g±lc^7S»^fK^*<0S% 
5 I I I - VMA«¥»«aOlSllJ«*«ff r> £, WSl 

£mmT*mLLtcm£kkmc£*>*r>mw l t. nm£ 
[0030] j&mpMfflc&zys&vii, wffij&mc 

7-fc-y h<Otil^lci»3|gfJi^7r-b-y HC(p)*>oTji 
so cfcmft<ft*. ^ B 3 B ^P(S«7r-tr-y KOfiKgfct 
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[0 0 3 1] ¥fK I I I Kflm(c«{bM«ffiV>««fbn 

na*ffi©*rticfft;*cf:ica») 1 1 1 -vstta* 

[0 0 3 2] fcfe I I I J^(l&*ttftM*fflbV5* 

Jt^TriMBiSjWK**^ ±»©i:3te<DI I I- 
VMb£%¥#& 1 5 <D7 7 -fe -y hm&(D o *>Wmt 

mmmw<ffix.%&o tcf tiff <fcv\> ««« 
^ftao«*Sfi^ti^sfeJ6figgffi^cfett« iii- 

[0 0 3 3] (^2cD*SIO»ffi) 2 <D$ffli 

©j&fflcotvr, i i i -vmt-Mn¥m<&<D3.Vit* 

[0 0 3 4] 05 (a) ~ (b) OS66S©» 
fi<D0l (a) *»6 (e) mm^XUX^MLX^ 

it*mj*Mtt*o moygmofmztt* 1 1 1 — 
vKik^i Wttox tr * *-> ■* jusfi*f?v v£»b* 
¥aikufe»c, «2©^x*«i»j (E5 (c) ) , 
m i (ommmmtmrnicyr-bv vmrnm^u ¥ 

fflftfcfroTl/^ (05 (d) ) o 
[0 0 3 5] ^2(DHSS©»»T'{4, 01 (a) frfc 
(e) OfHB±8*ll0ig-rci:K:J:0»J«LfcI I 1 

[0 0 3 6] Iff 1 ©HJ6<DjefiB£*VHi3i20£jfi©flS 

figg-r-S^a-fcS^T-feD, Ala 0 3 , Si. Si 
C, Mg A 1 2 04, LiGaOz , ZnO^DSffi 
•^O, GaN, Ga A 1 N, InGaN, InN, Ga 
AsX«GaPH<DI I I -vmt&fa¥mfo<0$M*z 
mmX'tZo 

[0 0 3 7] £fc0 1 &.5l,H;}:ei5T'«gffi»C*©&<D 

» j MB«afi»ofttfettR%#r* i 1 1 -v«fc£» 

l^ffit;:!ffigvX*£J&£LT01 (b) ~ (e) &S 
^«H5 (b) ~ (d) oyo-feX*fToTtra»8:J» 



[0 0 3 8] £e>tC#Hji©ff^T-«vX^ 1 4 £ L/C 

[0039] (mznzmm®) ?wc, #f88©!iS3 

% 1 ©aatOJBM&S^ttS 2 ©gffltfgtt-tfmi Lfc 
I I I-V^{b^5¥«<*c0xe^*->Y;l/fiScft*Ga 

10 mtm&a&mtcmm l g a N^NM«i»&rr« 

[0 0 4 0] ft3©*ffl©«ffi& g 1 <Dmffi0M®& 

fcotvriiiiWfcWMfcr*. 

[004 1] ttUftt, G a N^M^tthilBiSgfl&S!^ 
*ffieS©«ft*»Bi*U:fc, 7* h 'J V?574- 

20 [004 2] g&ftftlMllCttL G a N^^{*c0xe 

mtmgj&sffitt. 1 1 i*K8e#y*A (g 
a) tmbm (hc i) osds£imrvft««fb9u 

•)/» (GaCl) fcVfi^lCTVtxT (NHa ) # 

x*fflv^«<aft«Wftass»cj:*»aafi (vpe :v ap o 

r Phase Epitaxy ) T'^MF^KVPES 
^ C a®^««^«W^*ia&Sft;^l5«Hfi8 
ft (MOCVD : Metal Organic Vapor PhaseEpitax 
y) W^o )£SSfifcJ:6 5 0 1 1 0 CGT-ff 

» v\ v«n^oflMsg«a 1 1 iKM^mat^bn 
20000 o**#»erntf J:V^. 

[00 4 3] GaN$#«K«i©xv;**$/-wl/j8g 

ig c o , mmmto GaN jMmmMic «««©E73 

[0 0 4 4] xl>**i/Yrt>fix»&l£M-Si:, G a NIR 
¥»<*«77-fe-y h«&©Wcfll,TSt&75lpl£j£ft 

■tfmtsktb. titm&ffiX'K^ztzmo * 3 k& 

40 * 0 *LTI^ta$ft1I$©GaN?i^tt©77-fe 
*^ GaN3MWW*lCj:»>7r-l:y h«ji^fi|J6iiS 

[0 0 4 5] G a N«^/l/*HgSOfra!««BWI4fe«), 

^7Sfi, s i cwmm^xtrcf}\ cnzvmm 
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[0 0 4 6] $^mWK.£Z*V**i'*)l>!8Mfi 
SSIW&tc, aMRBS»tti:ttJlft*iii»ffi07r-t'yhfll 

atu 77t? hemic**), ansae a N*¥«ft 

tr* 5 left 9, «6i:S*»<:#tfTv^«gtt*«ffl[a» 
foNlRfSC ft*. 
[0 0 4 7] LfctP-oXG a N%¥9(4^KIA^ffi(i7 
7^b©$SfcfcfeK8t£iRjfc:ftW r 5fu GaN&# 

g?*\ K;l/-7*J&£tS. cntc^o, 

[0 0 4 8] C<DJ:5»caffi±K:vx^tcJ;!3S*?WK: 
»jKSttfcJ«g«WK:77-fey h«BB*#TSG a 
¥*fttB*J*Sf * C kT, G a NmmWRfittEfc 

[0049] se>c, %3<Dim(Dim-zmt>nz>c, a 

«-77>f72i«5) t-7X^tGaN^¥»*©-g|5 
^BfcStS C fcT\ l&g&WO^ft^G a N$¥&ttK 

¥#tt§LBcG a NX¥VWR7slHnn-« C fcT\ G 
a N£^ttl^©«jl$jg©&ll14%&#T*e fctf 

[0050]gfcGa N5R¥«Wt*ytf G a N$¥*ft 

aram^a, -^r-fjaiwe-eraKft^T^ 

fcG a N3^#f*fS^?K::fcttSSfi^'\©WIJ& 

aawiniBieft*. 

[0 0 5 1 ] *6KG a G a N« 

3^l/-1f<0»SW:* G a N&^tti^tBSffitfg 
ft£^xn^±K:U-mi*Jft£l,T*K ^*Mlc 

[0052]' ftfc. It 3 ©S«©J$IfCfctt& G a N£ 
44IW*Bt©»B«H«m^ 1 ©*fifc©J$§©xfc?**$/ 

mmmx&z. 

[0 0 5 3] &3<Oim<mfflVmK&, G a N3R* 

itM&Litmc* ^g a mmm&mcvztmM 

[0 0 5 4] ZZKX&Moyimizm^&VZttLX 
Itm 1 4)&jfiO£SB%3^H:£ 2 ©fHS&©fl58g£ ftgtft 



oMmiOStfZ G a N!Mt^g#J8i: LTfiG a N, A 1 
GaN, I n G a N^WSft^lb'G a Ntf«fc$f g 
U>. 

[0 0 5 5] gfcG a NJ&mto&ft LXlt, G a N 
if aNSLE DH©G a N%¥8M*ft 
ftjg?©fli2tC F ET-^HBTft if ©f 1 / X tC t> ilffi bJ 

[0056] eg 4 <D$m<mm *mnm 4 ©uss 

10 [0 0 5 7] Sg4©*SS©fl5»f;i, G a N£¥S9#i:& 
*J*ftU *6CCOGaNJM*»*WILhfcGaN3R 

[0058] ®4©^teo}gffiT'ttG a m*mm± 

©G a NJMPSW**?i:.LTG a N$¥W*8ft)R7ft 

[0 0 5 9] ttUftt;:, 8*SST§fcvx*£)&£U 7 
* h 'J V 7 -a 1 7X -y h X f- y fX'TZ >7 1 

&m*ft??m<Dm&zmmtn±icG a 

[0 0 6 0] VXf Rtf*fi««0»tti: LTtt, £5 1 

[006 1] ftKjftgfflKiCftLG a N&¥aHf*©Xtf 
***Y;U8g£fT3. G a NJM 5 **©**^ 1 
I iSBSfcffUtfA (Ga) tmtm (HC 1) © 

m^imix&zmkrtvyi* (Gac o tvssi^ 

30 £7^x7 (NHa) #X£fflV">S/vf h'?4 KV P 
EifcWfSLk^ Wg^WI3*5ttBi£fiS (MOVP 

e) *m^x$>*^\ 

[0 0 6 2] G a Nmmt*<DX.\Z**isvjWmt> 

mi amwmtvmc. Gam*mwmmm 
mmm±<DG a m*m&\cmm<Dmf5tiLtit 

[0 0 6 3] x^+^;l/^g^lt5t, G a 

^mi77-b7 hmm<miciiLxmmi&5mici£m 
5 0 *Lxmm-zfmmm<DG a n^^#h©77 

G a N3R¥«M*ICJ:»)77-by Mi&WI&ft 
«*«Ctt, ¥a^*ffi*fifri.GaN^¥»ft: 

[0 0 6 4] ^»CG a NS^WiLtCG a NlS^f* 
5S«m«?«Bfi*fW-r*. G a N^^f*K*^ 
fiSLfct, GaNIS*«W*S*^fi!ittlfcS«%MOC 
VDggt-b-yhU 3fS©raS, ^X»S, V/l I 
50 IttT% nfCaNI, nSA 1 GaN^'ybE n 
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MG a NJfoSM" 7> F-7 I n G a N*F#F» 
fc7> F-y I n G a N»fiJHa>£>ftSirafi-y#F« 
BSttJI, pSAlGaNJB, pSG aNJfcff-Y FH, 
pSA 1 GaN^77 F/fs pSGaNny^^h®?: 

homos l i^- ^BBfcfmr *. 
[0 0 6 5] is-v-mmzm&Lfcmmm 

glc-fe-y hU SIR, S i Oz fcitfGaN^ 
So SffltfcGaN&WNSm T&tr£GaN£ 

CO 0 6 6] ^4(D*fiii©»»K<J:0WT<D^^#e> 

ns 0 

[00671^1 (OmfoOMffiD^V 
H&flfc G a N*¥W*Mi:lc G a N£¥##S!ff#i}i 

J8ST?|i8Hfc&oTl,\fcG a N^^^^JgtCfeW 
5xkf^+i/+;l/fig«i(D^ B 14*^ST'^, G a 

[0 0 6 8] a NPittWG a N&¥# 

«*©*5EF5-rxy*y?3«H* 
afnM-pWSfcG a N$3«fflftD£SI3&£f £ 
c tft < Jiff %fWT#Wif^»i«*mfl:-r»**o 

[0 0 6 9] SfeG a NlS^ttlgftiSfftf G a N*¥ 

tUBlcJ: D G a N*¥»*l/-- W»3i©««Sg55-aB 
£j&n?ts. COfcfe^OF^^X-y^y^lCi 
S«$t£XgT-««2SA 5-ffi*»fi8 Lft t©tCJt^ 

[0 0 7 0] M4«^O^UJJBOKK(Cia 

fcS&scfca^T-J&So 
[0071] mar* g a N^^oxtr 

•oafflfeT* So 

[007 2] «5fcGaN3M|sje(^CGaNJMW 

fci)\ G a N3MN0M^Aft(ONS. ^tGaN 
JRWtmfD-Wm£LftmcG a N»¥»ftiiff© 

[0 0 7 3] &*5s G a N^«t{*PA^S«, VX* 
*K® LfcWfclWLfctf, G a N«WttH±tcjgJ« 
SftfcG a N3^Bf«ff<iaBifitt«D»il/St«f fc</VD 

[0 0 7 4] S5£#H88©J&ffi»Cffi^SVXi'i:LT 
tt£ 1 ©^SSO^^Si/Him 20HSti<D^i:|BHi^ 

to, m jg«^iiffl-rsct^T*tSo *fc**« 



Off^KfcttSG a N?k¥mfomt LTJiG a N, A 1 
GaN, I n G a N^tf&tf&tlStfG a Ntfg&£?g: 

[0075] IcfcGaN&^ttf^Pfcl/Oi, GaN 
£¥39#l/-Hf>*>G aNlLE DI|©G a N&¥«ttf£ 
ftfjff ©ffclC F E T-^H B T&ifOfWXlC feiSfflRj 

[007 6] 

[007 7] (mi OSttfflD *^O*SS0WCO^ 

T, (00 0 1) (A lz Oa ) Sfil 

I _htc 1 /<mS*cDPiOGaNnll ZZ&ZfrVtbB 
fiKLfcSKfcfflVfco COG a Nil 1 2 Affile S i O2 

«*»«U 7* HJ 7^57-1- -j£fc7x-yhx-y 
^??VX* 1 4£fiScftH$l 3tC^ilUfc:o JgftfH 
#1 3fc<fctfVX^ 1 4tt, ^tVftlS jtmfcitf 2 ft 
m<DitSOXh5f 7«T*$So X h7-f T^fofcK 1 1 
20 -ZOyfifotLfc ( (01 (a) ) „ 

[0 0 7 8] ®Miffl$. 1 3 KfiggfS GaNll5li, 

I I \ (Ga) fc*ft** (hcd 

©EJEffl^^a&SttHfcjtfU^A (GaC 1) fcVfifeg 
Wc7>t^7 (NHa ) #X£ffl^S/vf F^f F 
V P Effi*JB^fc„ £K 1 1 */vT F^f 
ic-tr-y h U 7j<5g#H^T'fi)cS?aSf 1 0 0 0t£*HB1- 
S„ /£KSgtf2c£LTfrCN HC IM^20 c c/ 
mvmU N Hagffl 1 0 0 0 c c 5#@ 
g^Jg-rSCtT", /£SiUgl 3lCGaN§il 5© {1 
30 - 1 0 1} B^S577-t7 h«B6««ft««fc (0 
1 (b) ) o 2 0«Sxe?+^;^S 

vx^7 1 4*a^$T*7r-b-y MNttl 6%« 
(01 (c) ) o 
[0 0 7 9] xe**^;H«5%^tSCfctC«J:»)7 
r-fey H(B6*«J65i» (01 (d) ) , MKMctt, 
5 B#HOfiEgT* 200(1 mS^O^ii^^S^^-r 5 G 
a N«*«jas«fc (0 1 (e) )'. GaNBIl 5*» 

40 [ 0 0 8 o] ffi 1 ©%tt0rpu«ftiiw«iMe-r«9HR 

152*^*0, flttA 1 (1-10 1) ffi*6ft47r-fey 
h^figbT*g^g^tfoT^So C©77-b-yMi 

^ffiSfi*Mfi©isj:»?av^c«)icanT<So 77*7 

■b-y KDtbJlT'ilO^lPl^t/SC i:^T't^:<%So 
[008 1] *Smz& 0««UftlSS*IPIBK»K* 

ofc„ cniciO, xtf**5/+;U«rtO*l«Offi«6 < 
50 tteft*. 
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[o o 8 2] m i ommmic^-oxmmttitcG a nm 

1 5 V77J7Wfcl 1 
fm 5 »c £ -f ? 7 >y * A o T ^it v * c fc tm 
fgStlfc. Lfrfc, WS/S&SrfTofcGaNJglC^ * 
Rltfi^lOfc < , ^Pfi^Sti 1 0 6 cm 2 W&Xh 

[0 0 8 3] *^SS^JT*fi)t5L/cG a NSt&*IW#& 
C>&<, C©±El^-+)\ FET, fc.fcO'HBT&i? 

[0 0 8 4] ■zh\vr77-<7W&\ izmmmcz? 

TBfcSTS CtX\ GaNll5 ttmmtUt LTffll^ 

[o o 8 5 ] m i ©^swewu G a NJgcDxe**^ 
■Y/l/fiStfitc/vi' H V P ES*fflbvr$jftUfcft 
£ffi^<fc£%«tft£*i£ (MOCVD) fcfflVvrfcflO 
«ft«*)WI6n*. SfcA lz 0 3 fflKl l£fflWc 
*\ S i S«> Z n OSffi, S i CSfo L i G a 0 2 
MgAlz 04 Sffi^*ffi^Tfc|S|8&$Sli 
^#P.n«o *?>{j:A 1 2 0 3 »£ll±CGaNIS 
1 2**6*»C«*jSLfe* < , Btfil l±EiS&VX£ 

[0 0 8 6] £/cVX?l 4fcLTS i O2 %m^C 

mentis ^nsfeoT-a&c siNx 

4a&£*t»£ft5<> $e.tCXh7^y*<l l-2 0> 
mM.<Dl5fa< 1-10 0>T'fc<fc<> cne.<D*ifi3*^ 

[0 0 8 7] SfcG aNcDxe^^>-v;K5gfttCOV>T 
JE^tf, InGaNS, AIGaNl, InNI, G 
a PUfcSWiG a A slI£xe#*>'+.>Vj£ftLTfc 

iRWftaawisn*. s sugars i i i-v«ft 

[0088] (SI 2 Q$tt0!D #5§E0Sg 2 Qftffiflfc 

ou>t, % 1 <D&tmtmv< 0 1 *«HUTB«rr 

So 

[0 0 8 9] §1 2OSlS801JT-«, Sffifc LT, (0 0 0 
1) ®S i C&&1 1±1C1 /invgStDISJScDA 1 0.1 
Gao.9 NKl 2J&fe6*>i;i&^UfdlSS*fflV> 
/-CoCCDAlo.1 Gao.9 NIS 1 2SffilC S i O2 
MfcJBrtU 7*H;v?77- 1 '-*£i:7xy Fx-yf- 
V^T'VX? 1 4 fcjftftfWll 3fc#*L;fe. rtfiRM 
1 3, *5<fctf^X* 1 4«, ^€^2 (im, fcitf 1 
0 iim<Dm<D7>h : 7'<7WX'2bZo Xh5l'7%lflltt< 
1-1 0 0>75T(q]i:Lfc ( (01 (a) ) „ 



[0 0 9 0] j£Ktit£l 3lCj£R-f5GaNlil 5«, 
I I \mmicfi')7l± (Ga) fc«fbJ<* (HC 1) 
<Dmt&8MX'3bZ>mti3V 7 A (G a C 1 ) t VKM 
(NH3 ) ^^it^^ F5-T K 

v p mm^tc* wr 1 1 F^r f®j£osb 

E-tey h L, TK^HmT-fiESSS 1 0 0 OTCEUiar 
•5o l«fiSK*^bT^&> H C 1 SS&fc 20cc/ 
*»TH»&U NH 3 gi«2 0 00cc/S#T-5#l§ 
«^-rsCtT% Jg£«ttl 3CGaNHl 5© {1 
10 - l 0 1} ffi*»5457r-fe'y H«fi*^*«ft (0 
1 (b) ) o 

[0 0 9 1 ] £ 2 OftHSSxt;* 
£*lctt> VX?1 4£S-3gT-GaN<D77-t:-y H8ig 
1 5«Bt*-efc (01 (c) ) „ 

[0 0 9 2] xe#*S/+;l/j«ft*WJ*ci:KJ:»)7 
7*>vY®m:Wb&fr (01 (d) ) . «#S6», 
5 B^cDl&fiT' 2 0 0 n mlS©¥14Si*tr 5 G 
aNil«»««*fc (01 (e) ) . GaNll 5©^ 

gem, nhs ^«#afttft*6«ja*T»aiL, a 

[0 0 9 3] »2<MSESW«Cj:oT}ei««nfeG a NJg 

1 5K«, s i csfii 1 t<Dm-izm>wmmm 

Sftfc, t*«fe, JWWES*?T^feGaNilCtt, ^Rl 
*9Wlc / >»<*l«fi!Sttl 0 6 cm 2 SST-^o 
ft. 

[0 0 9 4] *SISfifJT*fiEMLfcG a N^ti^fSfi*^ 
tC>^:<, CO±lill^— tf, FET, feitfHBT^if 

offiaKft^uxfflii^s-rscfcT-, t/wxr 
[0095] $fc, s i cs«i i*mfemc£-ox& 

£?ZCtX\ GaNMl 5*«Et*Bi:LT»v^*e: 

[0 0 9 6] Sg2©*SS01JT'«, G a Nffil©Xi;^*-> 

W^P{k^%Mffifi!cgffi (MOCVD) ^fflV^TfcH 

1 %fflffc*% S i SS, Z n OWRs A 1 2 Osl 
LiGaOz MgAl 2 04 SffiH 

l±tKS©GaNMl 2*J&6*»UJ6«*l/feAi<, S 
«1 l±tCit»TXi'^fi!cLT i £>J;V\ 
[0 0 9 7] Sfc-TX^l 4fcLTS i 0 2 fcffl^ft 

lT'fc«kV> 0 C©*ffi^JT*a^X^ 1 4CDi@*l 0(im 
t lfci)\ ?X ^ ^a^iity C £ <D?t SfiT'fetlffP 
*«JMfc!A»6n*. *6KXh5-f7*< 1-10 0 
>*KSfc*l«Lfc* < , 77-tr-y hA^Stltltf, Ctl 
tSiS<07j|6l< 1 - 1 2 0>T'tJ:<, Ctie.©^^ 

50 ^mfrMx^x^^mmic^r), mm® 
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[0 0 9 8] SfeS&eMEi 1±©BU:LTA 1»« 
0. 1 <DA 1 G a N£ffll>^c*\ C <Di|&£«ffi£c0fc© 
T'<fc<, COJitLT^OffitCA 1 N, InGaN&iT 
*J8VvrfcWWft»*W§5ftS. 25KGaNOxl! 
**^;l/fiEftlCO^T^7c;b\ InGaNE Al 
GaNl, InNl, G a PH&StHiG a A s^&x 

g-rsi i i-viKfk^iti:5F»co!fe!raLTfe|p|«* 

[0099] 3 0«nm) 3 vmmmic 

[0 10 0] ^3C0^Sfi{fljT-tt, Sffit LT> ( 1 1 
l)S©MgAl 2 04 W&.Z l£ffl<Wc 0 C<D*ffi 
21«ffi£Si0 2 H23£J&iSU 7*FUV?5 
7-<-l£i:7X"y hX-yf-y^T-vX^ 2 3 fcjftSffitt 

2 2KKMi<rco asm 2 2, 2 3*4, 

**V?ft4 /im, 3o£0*3pm©^©Xh5^74*T-& 
S 0 Xh5l'773|pl«<l l-2 0>?3lfi]tbfc ( (M 

2 (a) ) „ 

[0101] G a NflS<Dj&Btt, ^7^7 2 3±£$I&1 
<DG a wmm^mW^><0\zMLtc^ Fv-f F V P 
E»*JBl,\feo C<D#&T'«:, I I iaBRHK^ryfA 

(Ga) tMifrm (HC 1) OKJS^%T*fe5^ft 
#U7A (GaCl) fc,'VMBBlC7V*=:r (NH 

3 ) jffXfcfflVS. 

[0 10 2] ST> Sfi2 1 ftttSSWc-fey h U ?k 

x^xcwfiuft^e i o o oxm&vw&X'mmL 

5 0 OXXBiBStf, H C 1 ffiMZO. 5 c c/ 

«s»-eeaftu nh 3 jaiiooocc/^t-57) 

£ tX\ ttA&ftffitft 2 3 fc&J 2 0 n m© 
■W©GaN^y7rJI2 4*»J*r* (02 
(b) ) . 

[0 10 3] coVffiV, NH 3 tixzmLKtfe, i 
oooicuijfia-r*. B2SfflS*^JttT*>5, hc i 

KB* 2 0 c c/*#T?fl«&U NHa «S 1 5 0 0 

c c /mx 5 wmmrtz c tx% &&&& 220 

GaN/S«v77-JB2 4±KGaN<0 {1-1 0 1} ffi 
fr&«7rt* h1?ljg2 5*«««*fc (02 

(C) ) o 

[0 10 4] itf^*->t;«5W, vx 

72 3£ffi5£T'G aNIS2 5 077"b7 M83S£fSS 

W\ SttSWfctt, 5^OfigST*2 0 0/tm8*WtB 
&SB£#f * G a NM 2 5 *»*£H£fc (0 2 
(d)) 0 GaNl25©»tt. NHs #7*0M& 

[0 10 5] m3<D$ffimtc£r>X&l&iZtircG aNI 



2 5(C», MgAlz 04 Sffi2 1 fcOffrFJSBWJfc 

KB, %.l&mmc'P%<. 106 cm 2 @*T-^o 
fc 0 

[0 10 6] SSaWrPfSSLfcG a NHtifcRS*^ 
t©±fc:U— 9\ FET, 4o<ttfH B T&i? 

GSfakSttCtimMtllio SfcMgA lz 0 4 
io ®fi2 l^BBI^CioTlftS-rSCl:^ GaNi 
2 5^Sfi^tLTfflV*Ctfc-etS. 
[0 10 7] Sg3©£8&0iJT*f;i, G a NliCXlf 
*MSm&\4 F5-T FV P EjSfcffiVvCJ&SLfctf, 
W«^ffc£%Stt§j£ft?£ (MOCVD) «rfflV^Tfc(B| 
*4SWR«W6n*. *«tt»WTtt. Mg A 1 2 04 
»E2 1 sfcffl^fctf, Si»£, Z n 0®K, S i C 
W&l, L i G a Oz WSl, A 1 2 Oa Wm^t^X 
iMWiWMM^n^o S££MgA 1 2 04 2 1 
±te*»vX*«BjSLfcjft *K2 1 ±£G a 
20 &e,fri;&j&£LT i t><J:i/\> 

[0 1 0 8] SfcTX^l 4fcbTS i 02 fcffll^fc 

centra &n*t<0T?»*<, sinx noisitf* 

m*^e.n^ 0 3**swyett, xf^7^<i 1-2 
ntiia:©73^<i-i oo>-et.j;<, <m^©?3iRi 

77-fey hSfiSfctmrscttfT'tS, 77-fe 

[0109] £rc*mmixitmfiLtizfflM l >*v7Tm 

[0 110] ^P>tC, SISfi^JT-a, GaNOXtf**^ 
•V^fitCOV^TSE^ft^-. I n G a NK, A 1 G a N 
I n NH, G a PR G a A s^xtf^+->A-/l/ 

i - vmt^tTms^ma Lxi>®m*ymim e. 

40 ns„ 

[0111] (354 <0^»J) *^£D^ 4 CD^SI0IJ1C 
OV^T, 03, H4««HbT«BW*. 03«S*?6D 

[o 1 1 2] xmmmx-it. atst lt (o o o i ) ® 

<0A 1 2 03 W&A 1±IC1 /xmSSOHJicOG aN 
H4 2£&5> Cfe^fig t AH«HE«ffl 
[0 113] C<0GaNJS4 2SSICS i O2 
j£U 7*MJV^57W— St7x>y hx»yfy^ 
50 VX* 4 3 tfi85««4 4tC^g|LfCo J£g®£4 4 
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tt, 4 ^mOBSO^ (03 (a) ) „ —22*^3 fim 
cD^fi&W. (03 (b) ) > iimftomm 

(03 (c) ) (Dsmtzz-vxtzztizm^ 

fto 

[oi 14] BrftLtcimmm 4c$gir3GaNigi 

4 5tt, I I I^^HJ^Vitfy^A (TMG 
a) SD>U^f-;I/7;I/3-^A (TMA 1) fcVjKH 
®lC7>*-7 (NHa ) #X£ffl^£*$|£M<k1=r 

[oi is] mwmz<Di&&mm:B&i,tcw&±\z- 
mimm.^* >y h u t n h 3 #x£#jg 

L&tf £ 1 0 5 0 < C©figgfi!i!Clft&-r£„ JftgiUStf 

t -rfr h u * */wru ^ma& 5 c c /m 

T'OmU NHa g«5 000cc/S»T*10^g 

-10 1} »5§57r-b7 f^iiSrfiScg^-eft (0 
4 (a) ) o 

[0 116] 3 0^egxlf^^>+;l/fiKg 

VX7 4 3£H?£T*GaN;f 4 5©77-try 
MHig*58i2#ft (04 (b) ) o 

[0 117] xe^+i/^^S^t^CtfCjctlG 
aNjf 4 5 077*-yh#l&£iIi&&# (04 

(c) ) , g^Wtca, 1 2^<Dfi!c5T'l 0 0(.mg 
fi<Wa%fKtr3GaNl4 5£ffiM£-eft (0 
4 (d) ) o 

[0 118] 3aSO^OfiES»^fiScb/cGaN 
n, ■9-77f'7gffi4 HC75-y7tfAo-0,^->Cfc 

ft. Hftjm fc\fcO*5EJ^©3«S£Lfta\ vx^ 

[0 119] *^WJT'fig*L/cG a MH^PI*^ 
fc'>&<, C<D±KP— if, FET\ *5<ktfHBT&ir 

[0 12 0] ^P»t-9-77"('7Sffi4 l^rBT^lCio 
TR*£T3CfcT\ GaN!4 5£gffi*ffltl/tffl^ 

[0121] mAommmt. ghnioxw^ 

%w&m<k£m&i8.m (mocvd) ttm^rm 
titizimime>ti%o 1 2 o 3 if4i*»> 

ft#. S iSffi, ZnOftfi. S i CSffi, L i GaO 

n#*§e>n£ 0 s&k a 1 2 o 3 w&a i±\,zmm<o 

GaNl4 2*3bC>frVimi&l,rct>\ S«4 l±£it 



[0 1 2 2] £ftVX7 4 3fcLTS i O2 fcffi^ft 

^cwcK^n5 i t>©T'«%<, siNx «otei^ 

[0 12 3] tftG aN^Xk^+vAwUfigglCOl/vr 
jfr^fttf, InGaNl, A 1 G a Nil, In NR, G 
a PffifcSWiG a A sM^xt!^+->^;l/figgbTt 

mitfmimbtis. z$K.ia&tzi i i-vit 

[0124] (Jg 5 OSfefflfflD *fg^£0m 5 (O^SWC 
10 o^T> 05£#H8LTSfcBJrf£o 

[0 1 2 5] S«5 UCtt, 1 /tm£>ItJ?<DGaNI&5 
2*^?nfc (0 0 0 1) ffiW:77-f7S«5 lfc 

ffl^fto 

[0 1 2 6] C©S«5 l^StcS i O2 H«gtf 
U 7* h 'J V^7f-ai:7x<y hX<y?->?T?8 
1 ©VX7 5 3 tm 1 4fc»*Lfc. M 1 
OlfcggSg 5 4, *5<fctf3n <DVX * 5 3 «, ^ ft^tl 
2/iiru feJ:0 ; 5Mm©Xh5l'7«i:Lfc„ Xh7^ 
T^lRltt, <1 l-2 0>tLft (05 (a) ) „ 
20 [0 1 27] mi(Dimffim5 4lCim?2>m\<DGa 

NH55tt, imeymmikmkKi i 

U 72* (Ga) fcttfek* (HC 1) ©EJS&J®ftT*S 
5fflb?y>i> (GaC 1) fcVife®Rt7> ; ex7 

(n h 3 ) tfxfcji^s/ vf H5f k v p e m*m^ 

ft. Sffi5 lS/vTK^'f FOjSSfflit-fe'ybU * 
HSf?H5ra&Bi&8f 1 0 0 O'GKHig-f So 6 5 OX!© 

?as*^a«5 i£nh 3 ^x^HSHt-rso j&sis 

S«<KJ£l/rfr&, HC 1 1 0 c c/m»T*9& 
U N Hs M4000cc 6 0#|g|<D/£g 

30 T\ ^l£DHSgWlT'IKB^Lft01«O (a) *>5 (e) O 
figglg^riST, m 1 ©VX7 5 3 £S*&A,ftlg 1 0 
GaNM5 5%fgfiSc-r% (05 (b) ) . HOGaN 
H5 5*«J«», NHs ^X^aMT'^fi^T'^SPU 

[01 28] GaNBl5 5±tCgO : S i O2 K 
«g«U *2<0J«fiK«5 6fcS2OTX*5 7«» 

/tmf&tK Xh5l'7 , 73|p]^<l l-2 0>fcbft 

(05 (c) ) „ cnms.5 i±ic, m\ mi<D$m 
10 mwmLimio (a) ( e ) <0fiEsxe?rM 

T. m2cDVX7 5 7*fflJ63i*. fc<k^l 5 0|imO 
« 2 OG a NJB 5 8 *«S?«TfflfkLftaffi*fift 
(05 (d) ) „ 

[0 12 9] /£MLftf?52<DGaN§t5 8©^BH^r»fS 

&&m?mmvm*rdfm, xmwi 0 5 cm 2 « 

[0 13 0] m5<D$mmT*tt s G aN^©Xtf^+i/ 
50 vfWmc/sj h'?S HVP Ej£^ffl^TBfi£LftA% 
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mm^mit^B%n^m (mocvd) *m^Tt>m 
msmmmt>tiz>o ska i 2 o 3 s«5 1 «ja^ 

fct>\ S i Z n 0S& S i CSfc L i G a O 

z s& MgAu 04 wm*m^x^mm$i 

mmZftZo S^KA lz 0 3 S1S5 1 Jhlc G a N 

f\ g«±»C G a Nd 5 2 *fig5^-f s ESS! 1 ©V7 

CO 1 3 1] S/cVX7 5 3i:LTS i 0 2 fcfflV^c 
tfCttKPB&ftS SiNx af©*&iltt 

fijgtt, mVts HfHBR-CfciV. £;feGaN©Xfc! 
**is*?l/&mc-O^TW<rzt>\ I n G a NJ& A 1 
GaNE I nNl, G a PH&SVHiG a A sl«x 

[0 13 2] *^O^^^T?fiG a N&© III- 

fig&tffs&s 1 1 1 -wmt^mmm>^&icmm^ 
[0133] (m6 <D9m®S) *mi<Dm 6 ommc 

#*'>*;U$g£G a Nfl&Dj&BKfflK ?P»tCCOG 
a NSLLKG a NJR^^U-lfifeMarsiiBSBW 
r3fcJ6©«B80T*;&&o 
[0 13 4] 06C^-r»tg6 1 Ctt, 1 ftm©JSJl© 
GaNm6 2tmf&Ztltc (0 0 0 1) 
*«6 1 fcfflVfa, C©»g6 1 «®C S i O2 IS£Jg 

-f- j£i:7x-y hX-yf-y^T^ 1 (DTX^ 6 3 t% 1 
<Dj8AfflK6 4 lC#StL/cc A 1 ©$gf|Ji6 4, *5«k 
tffll©x';*.7 6 3«, ^n^tl5ftm, fe«fcO*2^m 
©Xh7^^tL.fto XK5-i'7^lRHi> <1 1-2 
0>^|pI*^1 '0fi«tfT«*L/fc (06 (a) ) 0 

[0 1 3 5] m 1 ommm 4 tjas-rssi 1 ©g a 
Nit 6 5«, ±E©sasw 1 fcratwc 1 1 immicfi 

'J 7 A (Ga) fcWbkSR (HC 1) <DKJ&£jSS*n?S6 
SfflUfUfA (GaCl) tVS^tCT^xT 

(NH3 ) «rx*fflV>*/vf F^FVPE&^fflV^ 
ft. StS6 1 */vf F5m" F<0JSfi8Wc-fe<y F U 
^fflSCT-figfiffiS 1 0 0 0 VlcmU? 3„ 6 5 0 TO 
iS£fr&g«E5 l^NH3*fX#HMlc-r«o fiEffigfi 
LTfr H C 1 Sitfl£ 4 0 c c /SftT&tS 
U NH 3 giffi 1 0 0 0 c c/ft*h fcitf-^y 

(S i H 4 ) SSfiO. 0 1 c c/*5#T*l 5 0#fS© 
f£gT\ SlOSaiWI-pKWtfcHlO (a) *^ 

(e) (Df&mxmZMT. Sl©?X^6 3?:li6M 



fclUP2 0 0 nmcom 1 ©G a N|£6 5£flMTS (0 
5 (b) ) . m©GaN»6 5*J&8&, NH 3 JJ 

x»a«Tfiiiasi?ftaiu j*s»Lk?>iRt>aw-o g 

a Nil 6 5 n ST\ 1 x l 0 18 c m- 3 kLt©*+ U 

[0 1 3 6] G a N3S¥SW*l— 1fSljfi©f«SHC 

*itt&lifl£*attB/igg& (MOVPE) %»^Ttt 
SLfco GaNH6 5£j&m MOC VDgBC-fey 
FU 7K^SIHMT*figSiaS 1 0 5 0lCK:#ffi-r«o 6 

ftDLfcl /im©ff£©nSGaNjf 6 6, S i Srj&taL 
7c0. 4 /im©J5S©nSiA lo.isG ao.8sN7-7>y F 
Si^iDLfcO. 1/imOISiDnSGaN 
fttf-YF/168, 2. 5 nm€>Jf£cD7;/F-7l n 
o. 2 G ao. eNMlFftpmt 5 n m©JS£©7 V F-7 1 
no.osG ao.9 5 NSgjffrP)&3 1 O/IIW©^*!?^ 
P«jfirgffil6 9, (Mg) *«taL/i:2 

0nm©Jf£©pSA lo.2G ao.sNJl7 0, Mg£j& 
iPLfcO. 1 /im©jf£©pi/GaNft;*jVFJf 7 U 

20 Mg^iSmLfcO. 4 /im©/f£©pSA lo.isG a 
o.ssN^-y FH7 2, Mg^gsSnLfeO. 5/im©Jf 
2©pSGaN:3y*7FJf 7 3*MmO,Lls—9- 
mmmbtco pS©GaN3V**Mi7 3*JBja 
LfcftHU HN 3 *X»HftT«BST?««lU J£g 
SH^OISOIlS-r (06 (c) ) o 2. 5nm<OJP£<D 
7VF-7I no.2Gao.8Na?#p»£5nm<DJI2 
©7>F-7l no.osGao.9sNWfi/l^e.ft«^Sfi 
?#P«5g}S1lS 6 9 fct, 7 8 0 TOfaST'^filc bfc„ 
[0 13 7] \^y-Wffic j m\,t&-?r47 

30 »R6 1*BI*»t-feyhU •9-7r-f7«g6K G 
aN»6 2, Si O2 T77 6 3, fcj:?>*GaNM6 
5cD50/imWetTGaNd6 5*EtB^-a-^o Mffl 
LfcGaN^esffifCtt, ^V(Ti) -7^5 (A 
1) Ong*«7 4*JBj8U p^<DGaNl7 3±lC 
Ii->y^;l/ (N i ) (A u) CD P ^IIS7 5^Jgfi)c 
•T* (06 (d) ) „ 

[0 13 8] H6H-;jVrU— ^«jtT?«, gffilCnS* 
*Wg««hT«*», ^©Jc^tCF^X-y^V^ 

[0 13 9] •9-77t'7i:GaN^^tt:t«^ 

ScvSHifitfS&Sfc*, tiS*-9-7ri'7Sfi±k:^ 
« Lft b— 9^3i©«Sf§ 5 Rile J: t) ^fiSTT 

[0140] ctuzttu *mmmT't,i.i&M l %.Mtf'p% 

aNJ!6 5?rlS<figg-r-5Cfc^T'#-5/c46. 1t7 
7>f TaWK^X^WRSBi^LrfeG aN 6 5±tCjg 
*LfeGaN3MW(tol^-WP!acttieBtta<, S 
so fcG aN16 5±©b-ifgBi«'\tMtc ( j:D«tB885 
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±Lfc> 

[0141] *SIJI^JT-«, GaN!6 5±teU— *f- 
*BBB*l/Tfr&, -iJ-^r-fJSKS U GaN§t6 
2, S i 0 2 TX*6 3£flf»Lfc*% U— *f-m&* 
fWrr«ttiC9-7r^7WE6 1, GaN!62, Si 
0 2 6 3*W*LTfera«iaJ8l*(Atl6n*. 

[0 1 4 2] *fcv ^atflfPB, ^77^7S«6 
K GaN162, S i 0 2 TX^ 6 *5<fc 
G a NK 6 5 ©-SP£5ffg LT, n £4>ffi££j£ t 

aNJl6 6-*fctt6 5*T»H^l/nSmHHBaU & 
[0 14 3] 

BUB©*!!*] tt±B»!l/feJ:3fc, *W8fci8 I I 

ft*<g-rctT% 1 1 -vmtswixmtem 
m<D®A*im\LT, mam 

ax®*****?* mtfu-ifws^^ yvwt.* 

m 1 ] *»H© I I I - Vj£{h^¥^ft<DJgfifcSi£ 

[02] A 1 G a NBftWBjaM! ftfcM g A 1 2 0« g 
«±tC/Nf K V P E »*fflV*T, G a NH&J&ft 

[03] *Rttfcx£**^+;Uj*ft*Sri««*^ 
[04] B3<o*UBtt. ZftJBtt. Rtf£^oj«BH 



[06] *5WOj«fi»ffi*ffl^T«J«LfeGaN«± 

ICG a N5^«*l^lf-^%»^SJS<0«8H 

1 1 SIS 

1 2 mstciei&ztirci i i-v^t^psi«« 

13 in -vrnttsmmtemttzmmM 

1 4 7X^ 

1 5 xW*s/t;l/|«Lftl I l-V8abSft¥» 

16 ill -v«l:tfHlW)77ty h#BB 

2 1 (0 0 0 1) B50U-77>r7Sfi 
2 2 GaNi 

2 3 7X^7 

2 5 xe^+^;l/^fiU/cGaNJS 

3 1 (111) lOMgA lz 04 II 

3 2 1 fimOGaNl, SfcttA IGaNi 

3 2 MUK^StlftlftftfM 

3 3 Sfi±fc»«LfcS i O2 lOYX^ 

20 34 xtf^+^;^5UftGaN^^7r« 

3 5 /^K^FVPEffiT^StftGaNIS 

4 3 VX^ 

4 4 

5 1 (0 0 0 1)ffiW77-Y7SE 

5 3 gnovx^ 

5 4 $l<Dj££f&« 

55 gKDGaNJl 

5 6 lg2<D$g®« 

5 7 £2<DVX£ 
30 5 8 ^2£0GaNg 

6 5 nSGaNl 
6 6 n^GaNjf 

6 7 n*SA 1 o. 15G ao.ssN^y Mr 

6 8 nSGaWfoff-fFJl 

6 9 1 0MI^CD^S«?#F«iiS1iM 

7 0 p§^A lo.2Gao.8Njf 
7 1 pSGaN3fc#>f F* 

7 2 p^A 1 o.isG ao.ssN^y hM 

73 pSGaNny^^hfl 

40 7 4 Ti-Al<Qng/WI 

75 Ni-AufOpSfg 
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